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Introduction
Capstone design courses provide a major design experience for engineering students, usually during their final year of undergraduate study. Although these courses are common across engineering programs in the U.S., they vary substantially in the way they are implemented. The first nationwide survey of capstone courses was conducted in 1994 in an effort to better understand current practices at the time. 3 included many of the quantitative logistical questions from 1994 and 2005 for comparative purposes, but extended the survey to include faculty experiences and opinions about capstone design pedagogy. Additional surveys across multiple institutions and capstone programs have been conducted by a variety of researchers on topics such as teaching load and funding, 4 content in capstone design courses, 5 capstone design problem statements, 6 and technical design reviews. 7 Other researchers have focused their surveys on specific engineering disciplines. 8, 9 The 2015 capstone design survey marks the official continuation of the decennial data collection effort. The 2015 survey included most of the questions from 1994 and 2005 plus a number of new multiple choice and open-ended questions, informed by the other recent surveys. The results of these surveys collectively are an important step towards understanding, assessing, and ultimately improving engineering capstone design education. This paper focuses specifically on the qualitative responses from the 2015 Capstone Design Survey, including capstone instructors' first-hand experiences and implementation practices. (Highlights of the quantitative data are presented in a separate paper, 10 the comprehensive results that also include longitudinal and disciplinary comparisons are forthcoming.) Respondents provided personal insights regarding what they enjoy most about capstone design, challenges they face, and self-identified strengths in their approaches to teaching and coordinating capstone design. Respondents also commented on a number of logistical topics, including design prerequisites, balancing product versus process, finding and selecting projects, project deliverables, collaboration across institutions, coordinating multiple faculty, and managing funding. The qualitative data serve as a candid window into capstone design practices through the experiences of those who coordinate it, raising issues and highlighting current practices in engineering capstone design education to guide further development in the field.
Data Collection and Analysis Methodology
The 2015 capstone survey included eleven main sections with a combination of multiple choice, fill-inthe-blank, and open response questions related to capstone course logistics, pedagogy, finances, and external relations, among others. The collection of questions was informed heavily by the previous nationwide and focused surveys referenced above, as well as discussions at previous capstone design conferences.
The survey was implemented using SurveyMonkey and sent via email to the department chairs of all ABET-accredited engineering and engineering technology programs, the ASEE DEED (Design in Engineering Education Division) monthly newsletter, and the Capstone Design Community mailing list. Recipients were asked to take the survey themselves if they were in charge of capstone design and/or to forward it to their capstone design colleagues. The survey was officially open during the month of February 2015 and responses were accepted through mid-March. A total of 522 respondents, representing 464 distinct departments at 256 institutions, participated in the survey. This paper focuses solely on the qualitative responses to the eleven open-ended questions at the end of the survey. Participants were asked to "please provide responses to as many of the following questions as you choose; all information is welcome!" The collected responses represent a rich and extensive set of qualitative data with 250-350 separate responses per question.
The approach used for analyzing the responses followed an open coding and integration methodology.
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For each question, at least two authors independently read all responses and identified recurring content themes. All three authors compared, clarified, and consolidated the two separate lists into a single list of content themes. Two authors then independently coded the responses for the given question using the consolidated content themes. After working independently, the authors compared their resulting coding, discussed any discrepancies, and determined a final coding for each response; in many cases, responses were coded to more than one content theme. Then all three authors collaborated to group the content themes into broader categories for reporting and discussion. This process was repeated separately for each question. Table 1 lists the eleven open-ended questions at the end of the survey in the order in which they appeared to the respondents. The sections below discuss each of the questions in turn, including both qualitative and quantitative discussion of the broader categories and the more specific content themes. Selected representative quotes are included throughout, followed by the respondent ID number in parentheses. Q11 How is funding coordinated and managed for your capstone design course?
Results and Discussion

Teaching/Coordinating Strengths
Responses to the question "What are some of the strengths of your approach to teaching/coordinating capstone design?" separated into a dozen categories, as shown in Table 2 . Note that the content themes in Table 2 (and all similar tables for subsequent questions) are listed in descending order of frequency.
Over a quarter of respondents (n=98) referred to their relationships as one of their teaching/coordinating strengths. A majority of these responses (n=58) were regarding industry involvement, participation, and networking:
Networking Responses to the question "What do you enjoy most about being involved with capstone design?" clustered into eleven categories as shown in Table 3 . Nearly the same number of respondents (n=33) focused on student growth and confidence with comments such as "Seeing students mature in confidence." (R209) and "Seeing student growth over the two semesters -they really take ownership of their projects and their learning." (R433)
Other responses (n=26) addressed the application of student learning: "Seeing the students apply the things they've learned throughout their time at the university." (R314) and "Students become excited as they apply their knowledge to solving actual problems." (R488) The next largest set of responses (n=17) related to student joy and excitement with comments such as "The positive energy in the class is contagious." (R251)
Another large category of responses related to interactions of various sorts, including, most prominently, interactions with students (n=75) and interactions with industry (n=25):
I find the interactions with the students to be very rewarding. (R163)
Working closely with students in small groups. (R448)
I enjoy the variety of the projects and the organizations that I work with. It interests me to be aware of the issues/problems our sponsors face. (R462)
Additional responses from some of the other categories in Table 3 related to enjoyment in capstone design are included below:
Not a standard lecture course. (R89)
New challenges for new projects with fresh ideas from new sets of students. (R266)
Seeing the team members evolve from students to novice engineers in their final year of coursework. (R334)
The opportunity to mentor students. I love helping them find great answers to challenging problems. (R68)
Challenges in Capstone Design
Responses to the question "What are your biggest challenges regarding capstone design?" grouped into fourteen categories as shown in Table 4 . The three most common categories are discussed following Table 4 . 
Design Prerequisites
Responses to the question "What design courses do you require as prerequisites for capstone design?" grouped into nine categories, as shown in Table 5 . The most common type of response regarding design prerequisites from participants (n=132) was a list of specific courses. Of those answers, nearly half (n=69) were specific elective courses or labs, with the remaining responses distributed fairly equally, as shown in Figure 1 . Heat transfer, circuits, and fluids were some of the more popular examples of specific elective courses provided by respondents. 
Number of Responses
Specific engineering topics were listed as design prerequisites by nearly a third of respondents (n=91), with machine design counting for a third of the responses (n=30). This category has significant overlap with the content themes from the specific courses category; answers that listed course titles within the engineering department fell into both categories. However, it is important to make the distinction between responses simply providing general engineering topics, and those listing specific courses.
A large number of respondents (n=61) also stated that there were no design prerequisites for their program. While some elaborated on why prerequisites were not necessary, or expressed a hope to implement requirements in the future, the most common answer in this category was simply "none."
Product Versus Process
An oft-discussed topic in the biannual capstone design conferences is that of product versus process in capstone design. As such, the 2015 survey asked respondents "How do you balance product versus process in your capstone design projects?" Responses to the question included leaning toward process, leaning toward product, and an even balance, in addition to some other categories, as shown in Table 6 . good process (usually) leads to good product; product is necessary but not sufficient
Although there are capstone programs that focus on product, the majority of respondents either weigh the two equally or emphasize process, as illustrated by Figure 2 . Responses were coded by specific content theme based on numerical value provided (51-74% = "emphasis", 75-94% = "heavy emphasis", 95-100% = "all") or interpretation of the response by the researchers based on wording and adjectives. Representative responses are provided in Table 7 .
Regardless of emphasis, multiple respondents (n=23) indicated that the final product is an important component of the final grade: "Both are important, but the project only succeeds if the students complete a working product." (R380) and "Process is more important but a physical working prototype is required." (R472) A comparable number of comments (n=49) remarked that alumni were a significant source of projects:
Advisory board provides some, but most successful is former students. Best sponsors are those that have been out of school for 4-5 years. Senior-level sponsors of projects are often too busy to be responsive, and forget what students can do as seniors. (R154)
Our alumni network is our best resource. (R303)
Many responses (n=92) also pointed out internal sources of projects, with student-proposed ideas making up a majority (n=58), followed by faculty research and ideas (n=50). Table 9 ; most comments mapped to more than one category and more than one content theme within a category, suggesting that respondents have multiple criteria for selecting/vetting projects. Some respondents within the good fit category (n=32) also focused on matching projects to their curriculum or the disciplines or departments involved: "Must include the major process activities, e.g., fluid flow, mass heat and mass transfer, etc." (R242)
Student interests; students have to come up with projects for my approval. (R186)
Have the students go out and talk to people to identify a real problem and then solve it. (R414)
Many respondents (n=56) noted that they select projects to ensure opportunities for particular experiences such as prototyping, exploring multiple solutions, student learning, and creativity, with comments along the lines of "It must be able to have a prototype or critical sub component built by the students within the academic calendar." (R192) and "Possibility for multiple solutions for students to explore and decide between." (R24).
A set of responses centered around necessary baseline parameters for projects, either related to project content or project logistics. The vast majority of project content responses addressed the need for the project to include design (n=37): "They must have a design component as opposed to being an undergraduate research project." (R281) There were multiple themes within baseline project logistics, but the most common one was sufficient project funding (n=21), with comments such as "Project must be sufficiently funded for materials, equipment, and printing (no charges are made for salaries, wages, and overhead)." (R456)
In addition to specific criteria for selecting projects, about a quarter of respondents (n=81) also provided information regarding who does the selecting, with most mapping to either instructor discretion (n=36) or faculty review (n=36).
My experience and judgement as to their abilities and the degree of difficulty of the project. (R396)
Faculty review all available options and select projects of proper scope. Students then can choose from a pre-selected list. (R298)
Typical Deliverables
Themes observed in responses to the question "What are the typical deliverables for your capstone design projects?" grouped into ten categories, as shown in Table 10 . The three most common typical deliverables were written reports, product, and visual/oral presentations, which are discussed following Table 10 .
Of the 328 respondents, more than two thirds (n=230) indicated written reports as being a typical deliverable. The most common types of written reports were a final report (n=220) and interim reports (n=38), as shown in Figure 3 . Many respondents indicated a product (n=201) as their typical deliverable. Of those responses, 89% were a final prototype or working device and 16% required a product in the form of a complete design package/portfolio. (The overlapping 5% required both.) Another common type of deliverable was visual/oral presentations (n=159). Within this category, final presentation (n=142) was required by the largest number of respondents, followed by a poster (n=41), as shown in Figure 4 . Two hundred respondents provided some response to the question "If you have ever collaborated with another institution on a capstone design project, how did you structure the collaboration?" but 136 of those responses indicated that the question was not applicable (n=122) or that the respondent had never done such a collaboration, had done one only in the distant past, or were planning one for the future. The remaining 67 responses could be grouped into eight categories, each with its own content themes, as shown in Table 11 . Involving multiple faculty was much more common than involving multiple institutions. The responses to the question "If you involve multiple faculty in your capstone design course, how do you structure and manage their involvement?" were grouped into ten main categories and associated content themes, as shown in Table 12 . It is worth noting that although 253 respondents answered the question, 42 of these respondents indicated that the question was either not applicable or that their capstone program was run by only a single faculty member.
The largest number of responses mapped to the "shared responsibility" category. Within this, the most common responses (n=38) indicated some form of tiered system with one primary course instructor who manages the course and oversees other faculty who mentor teams, with comments such as the following:
Lead instructor manages a teaching team comprising other faculty, academic coordinator, staff engineers and teaching assistants. (R57)
One faculty is the main coordinator and others just mentor teams. (R21)
Nearly as many responses (n=36) within the "shared responsibility" category noted that multiple faculty share the responsibilities more evenly:
We The quantitative portion of the survey included several questions about levels and sources of funding for capstone design; the summary of these data are presented elsewhere. 10 The open-ended portion of the survey asked respondents about how funding is coordinated and managed. Themes found in the given responses were grouped into five categories, as shown in Table 13 . The categories of management and allocation, though similar, are distinct in that allocation refers to the methods by which funds are handled or dispensed, and management refers to who is in charge of doing so. amount is set per student or team; amount can be petitioned by teams for more; amount set by department chair
Nearly half of the total responses (n=115) addressed management; of these, responses that indicated management by the department (n=51) or by faculty/instructors (n=40) were the vast majority.
Following closely behind management, a variety of responses commented on the institution's lack of organization, or lack of funds in general (n=106). While some of these respondents expressed a hope for better coordination in the future, others appeared to find it unnecessary.
It is not. I would like to establish a source of funding for the course. As of now, it is addressed on an ad hoc basis. (R462)
This has been a struggle, we are still figuring this out. (R219)
Not an issue: Chemical engineering capstone process design is entirely virtual. (R222)
Although the question only inquired about coordinating and managing funding, many respondents (n=105) described funding sources in addition to or in place of management practices. Of these, a large group (n=47) reported sponsors or clients as their source of funding. A similar number of respondents (n=38) listed their department or course budget.
Conclusions and Future Work
The 2015 Capstone Design Survey, conducted in spring 2015, continued the decennial census of capstone design courses to catalog current practices, identify emerging trends, and provide historical comparison. The survey reprised many of the questions from its 1994 and 2005 predecessors, augmented with additional questions based on other capstone-related surveys, design education conference topics, and open-ended responses. This paper focuses specifically on the qualitative responses from the 2015 Capstone Design Survey, including capstone instructors' first-hand experiences and implementation practices. The data were analyzed using an open-coding approach to identify specific content themes.
The breadth of themes that emerged from the responses for each question underscores the variety of logistical and pedagogical practices utilized in different capstone design programs, far beyond what could easily be captured in a pre-defined multiple choice survey question. The most commonly mentioned themes and overarching categories are a useful indicator of what is "standard" practice in capstone design education; they also serve as a possible starting place for determining what are "effective" practices.
The qualitative data in this paper complement the quantitative responses highlighted in a 2016 Capstone Design Conference paper. 10 A longer paper including these quantitative and qualitative results, plus longitudinal and disciplinary comparisons, is in process for IJEE. In addition, the 2015 survey has already been distributed to capstone programs in Australia and New Zealand; plans are underway to collect data from other countries as well.
